Fifty clinical isolates of Pseudomonas aeruginosa were tested for inhibition of growth of clinical isolates of Escherichiacoli, Salmonella infantis, Klebsiella pneumoniae and other Gram-negative bacteria in the authors' laboratory. Pseudomonas aeruginosa was strongly active against both E. coli and Enterobacter cloacae, with 89.4% and 94.7% inhibition respectively, but weakly active against S. infantis, K. pneumoniae and Proteus mirabilis with 56 .3%, 48.8% and 23.8% inhibition, respectively. The pigmented strains were found to have stronger antimicrobial activity than the unpigmented strains.
Materials and Methods
Bacterial strains: All 50 isolates of P. aeruginosa were obtained from clinical samples in our hospital (25 strains from pus, 13 from sputum, 10 from blood, 2 from feces), including E. coli, K. pneumoniae, S. infantis, E. cloacea and Proteus mirabilis.
Medium: Mueller-Hinton agar manufactured by Hangzhou Microbiogical Reagent Factory was used for all agar plates.
Bacterial preparation: Cultures of P. aeruginosa and other organisms to be tested on MuellerHinton agar plates at 35C for 18-24 h were adjusted to suspensions of about 108 CFU/ml with Mueller-Hinton broth.
Methods: A loopful of a suspension of P. aeruginosa was streaked across the middle of an Mueller-Hinton agar plate in a straight line. After overnight incubation at 35C , the colonies were scraped off the plate with a sterile slide. The agar plate was placed in an inverted dish and exposed to chloroform vapor (a cotton globe soaked with chloroform on the lid of the dish) for 15 minutes at 35C to kill the residual P. aeruginosa. The cotton globe was removed and the surface of the plate was air-dried for 15 minutes by leaving the plate partially open to eliminate residual chloroform vapor. 
Results
Of all the isolates tested, E. coli was the most sensitive to P. aeruginosa and only 23.8% of the strains of Proteus mirabilis were inhibited. Pseudomonas aeruginosa also strongly inhibited E. cloacae though only 6 strains were tested. Furthermore, zone of inhibition of E. coli was the widest (21.2 mm) and that of P. mirabilis was the narrowest (14 mm). The results are shown in Table 1 .
The inhibitory activity of P. aeruginosa containing different pigments against Gram-negative bacteria is shown in Table 2 .
In order to investigate the inhibitory powers of the different strains of P. aeruginosa against the Gram-negative bacteria, 10 randomly selected P. aeruginosa strains were tested against the five Gram-negative bacteria described above. The results showed that the inhibitory power differed among the strains; the strains with a higher inhibition rate produced a wider inhibitory zone, and vice versa. The detailed results are showen in Table 3 .
Discussion
Pseudomonas aeruginosa strongly inhibits the growth of Staphylococcus aureus (both MRSA and MSSA) and Staphylococcus epidermidis2m. However, the inhibitory activity of P. aeruginosa against Gram-negative bacteria is not very clear, although there have been a few reports involving a single experimental strain". During this study designed to examine the inhibition of Gram-negative bacteria, including 30 strains each of E. coli, K. pneumoniae and S. infantis, by using 50 P. aeruginosa strains produced in our laboratory, we showed that P. aeruginosa can inhibit the growth of all of those Gram-negative bacteria. Of all the isolates tested, E. coli showed the highest inhibition rate (89 .4%), and that of K. pneumoniae was 48.8%. However, the test for inhibition of E. cloacae showed that the frequency of resistance was only 12/300 tests and the inhibition rate was as high as 94.7%, though only 6 strains of E. cloacae were used, and showed that most P. aeruginosa strains can inhibit the growth of E. cloacae, while most of the 9 strains of P. mirabilis failed to exhibit inhibition (inhibition rate, 23.8%).
The major antibiotic substance produced by P. aeruginosa is pyocyanin, a kind of phenazine pigment (C j 3 H 1 o N 2 O)5) which is soluble in water, chloroform, and n-butanol. It appears deep red in acid solution and blue in alkaline solution7). Its inhibitory action depends upon the superoxid free radical (021, a high oxidation radical, which is produced during an oxidation-reduction reaction. The product has strong toxicity for a wide range of organisms. However, the toxicity can be eliminated. Hassan et al. demanstrated this by a adding superoxide dismutase (SOD) to the cultures". The pyocyanin produced by P. aeruginosa lost its activity against E. coli due to SOD, a cleaner for 02-, and reduced the 02-in the cultures. The difference in inhibition among the five Gram-negative bacteria by P. aeruginosa may result from the difference in the quantity of SOD produced by the different organism5). In addition to P. aeruginosa, another pseudomonad, P. fluorescens can also produce an antibitic material, pseudomonic acid, which has been used to treat human skin infection7 '8) . For this reason, the antimicrobial agent from P. aeruginosa should be studied further for its possible use for the health of human being5). 
